the ability of all SNEL-iPSC lines to contribute to chimeras. The percentage of chimerism is estimated qualitatively based on coat color. The incidence of germline transmission is also recorded. "N/D" is used to denote that these mice were not tested for germline transmission. 
Figure S2. SNEL-iPSCs produce "all-iPSC" mice with high success rate compared to OSKM (A)
Representative pictures of entire litters (60 blastocysts) after 4n complementation assay for two Oct4-GFP and two Nanog-GFP SNEL-iPSC lines. The female number is shown at the bottom of each litter. (B) The percentage of blastocysts that gave rise to live pups is plotted for OSKM and SNEL lines (grown in 2i condition). The number of pups that were born live but failed to breath independently thereafter is represented by the blue color bar. The number of pups that were born live but additionally sustained an independent breathing and were fostered is represented by the red bar. Percentages were compared by Chi-Squared test to compute significance. (C) Representative images of adult "all-iPSC" mice from the indicated SNEL-iPSC clones (see also main Figure 2).
Figure S3. Comparative transcriptome analysis of poor, good and high quality iPSC clones. (A)
Representative images of small and abnormal pups from a "poor" quality iPSC line (Nanog-GFP OSKM#2) are shown on the left. Similarly, representative photos are shown for pups born live from a "good" quality iPSC line (Nanog-GFP SNEL#3). These pups breathed normally at birth, but died within a few hours. On the right, one week-old pups are shown from a "high" quality iPSC line (Oct4-GFP SNEL#1). These pups grew to adulthood. Table S1 . SNEL-iPSCs produced approximately 5 times more efficiently "all-iPSC" mice compared to OSKM-iPSCs. Table summarizing the developmental potential of SNEL-iPSC or OSKM-iPSC lines via 4n complementation assay. Implantation Sites: The number was not recorded in all experiments; when not documented a "N/D" mark was made. The ">" sign denotes that implantations were recorded only in females in which c-section was performed.
The "+" sign denotes that implantation sites were recorded for some females only. Dead fetuses and pups: This represents the number of fetuses found dead in utero and pups found dead at the time of c-section or right after natural birth. It also includes pups born with a hernia 3 that were sacrificed immediately (asterisk represents the number of pups). In the case of Oct4-GFP OSKM#3, all pups were E10.5 or less. Live Pups: These exhibited assisted breathing at the time of birth that ceased shortly after birth. Fostered Pups: Pups in this category exhibited independent breathing followed by fostering with lactating moms (see also main Figure 2 ). Table S2 ) that separated the different groups and clustered the "poor quality" group away from the other 3 groups (see also main 
EXPERIMENTAL PROCEDURES

Viral preparation and infection
Construction of lentiviral vectors (FUW-teto) containing Oct4, Sox2, Klf4 and c-Myc (OSKM) or Sall4, Nanog, Esrrb and Lin28 (SNEL) under control of the tetracycline operator and a minimal CMV promoter has been described previously (Brambrink et al., 2008; Buganim et al., 2012) .
Replication-incompetent lentiviral particles were packaged in 293T cells with a VSV-G coat and used to infect MEFs containing M2rtTA and Oct4-GFP or Nanog-GFP MEFs. Viral supernatants from cultures were filtered through a 0.45mM filter and added to the cells. To initiate reprogramming the cells were grown in ESC medium + 2g/ml Doxycycline (DMEM supplemented with 15% FBS (Hyclone), leukemia inhibitory factor, beta-mercaptoethanol (Sigma-Aldrich), penicillin/streptomycin, L-glutamine and nonessential amino acid.
Teratoma assay
ESCs (1x106) were injected subcutaneously into SCID mice (Taconic). Mice were euthanized 3 weeks after injection and tumors were collected and fixed in formalin for two days followed by imbedding in paraffin, sectioning and staining with hematoxylin and eosin for histological analysis following standard procedures.
Immunofluorescence SNEL-iPSCs were fixed in 4% paraformaldehyde in PBS for 20 min, rinsed 3 × with PBS, blocked for 1 h with PBS containing 0.1% Triton X-100 and 5% FBS, and incubated O/N with one of the following antibodies: Sox2 (MAB2018, R&D), Sall4 (ab29112, Abcam), Utf1 (ab24273, Abcam) and Esrrb (PP-H6705-00, Perseus proteomics). The cells were washed 3 × with PBS, incubated with the relevant secondary antibody (Invitrogen) for 1 h and visualized under a fluorescence microscope (Nikon eclipse Ti-U).
ChIP-Sequencing and data analysis Pipeline for H2A.X deposition analysis
Native Chromatin immunoprecipitation (N-ChIP) assay was performed as previously described (Xiao et al., 2009) . 10 millions of ESC or iPS cells were used for each ChIP and massive parallel sequencing (ChIP-Seq) experiment. Cell fractionation and chromatin pellet isolation were performed as described (Xiao et al., 2009) . Chromatin pellets were briefly digested with MNase (New England BioLabs) and the mononucleosomes were monitored by electrophoresis. The output sequencing reads were filtered and pre-analyzed with Illumina standard workflow.
After filtration, the qualified tags (in fastq format) were aligned to the mouse genome (mm9) with bowtie2 (Langmead et al., 2009); only the tags with unique alignment and contained less than one mismatch were kept for the downstream analyses. Then, these aligned reads were used for peak calling with the RSEG algorithm (0.4.8) (Song and Smith, 2011)..
ESC to control ES cell line: the ChIP-Seq reads of ESC (test line), and those of control ES cell line
(M2rtTA-Oct4_GFP), were used as "Sample" and "Control" respectively, to run the RSEG (mode 3). Output results were filtered according to the enrichment scores and domain size (between 5kb to 200kb). We used the ESC to ESC variations to set up the threshold of 5 enrichment score and genomic coverage for the following analysis (to distinguish 4N+ SNEL and 4N-OSKM iPSC).
iPSC to control ES cell line: the ChIP-Seq reads of iPSC, and those of control ES cell line (M2rtTA-Oct4_GFP), were used as "Sample" and "Control" respectively, to run the RSEG (mode 3). Output results were filtered according to the enrichment scores and domain size mentioned above. The GEO number for this data is GSE55731
Motif enrichment analysis
To determine transcription factor motifs significantly over-represented in the promoters of our gene expression signature, we fetched the fasta sequence files from the transcription start site to 2kb upstream (or downstream for genes on the negative strand) for each of the 1765 genes and submitted them to the MEME motif enrichment analysis program publicly available at http://meme.nbcr.net/.
Analysis of differentially methylated loci (DMRs)
To identify DMRs, we first tested individual CpGs for significantly different methylation across all iPSC and ESC samples by a root mean square test (Perkins et al, 2001) on each individual CpG. A contingency table was constructed whereby rows indicated samples and columns the number of reads supporting the methylation status, or lack thereof, at each base. The p-values were simulated using permutations of by randomly assigning reads to cells with a probability equal to the product of the row and column marginal distributions divided by the total number of reads squared. Ten thousand permutations were performed, unless a statistic greater than or equal to the original test statistic was achieved within 100 permutations. A p-value cutoff that would maintain a false discovery rate of 1% was determined empirically (Bancroft et al., 2013) and subsequently used as a cutoff for the significance of individual CpG sites which were then combined into DMRs by the following criteria: they were within Z bases of one another;
were comprised of at least 3 individual differentially methylated sites; and displayed both significant methylation acquisition in one or more and significant depletion in one or more of any pair or combination of samples. The GEO number for this data is GSE59696 6 sm-mRNA-FISH
We performed FISH imaging and analysis as described previously (Raj et al., 2010) .
Hybridizations were performed in solution using probes coupled to TMR, Alexa 594 (Invitrogen), or Cy5 (GE Amersham). Stacks of images spaced 0.3 mm apart were taken with a Nikon Ti-E inverted fluorescence microscope (Donatello) equipped with a 1003 oil-immersion objective and a Photometrics Pixis 1024 CCD camera using MetaMorph software (Molecular Devices).
Single cell sorting
For Strand-seq, OSKM-iPSCs, SNEL-iPSCs, ESCs and MEFs were cultured in the presence of 40 µM BrdU during approximately one cell division (12 hours for iPSCs and ESCs, 24 hours for MEFs). Cells were harvested, nuclei were isolated by suspending cells in nuclei isolation buffer (100mM Tris-HCl pH7.4, 150 mM NaCl, 1 mM CaCl 2 , 0.5 mM MgCl 2 , 0.1% NP-40, 0.2% BSA). In each sample, corresponding cells cultured without BrdU were added as an internal control.
Nuclei were stained with Hoechst-33258 and PI by adding both to the isolation buffer at final concentration of 10 µg/mL and incubating suspensions on ice for 30 minutes. Nuclei were sorted based on low Hoechst (quenching by presence of BrdU in DNA) and PI (G1 phase) fluorescence. For whole-genome sequencing, untreated cells were suspended in nuclei isolation buffer and stained with PI (10 µg/mL). G1 phase nuclei were sorted based on low PI fluorescence. All nuclei were sorted using a MoFLo Atrios or MoFlo XDP sorter (Beckman Coulter) into 96-well skirted PCR plates (4Titude) containing 5uL freeze medium (Pro-Freeze CDM Freeze Medium (Lonza) containing 15% DMSO).
Library construction
Library preparation was performed using the protocols previously described (Falconer et al., 2012) with the following modifications. Enzymatic reactions were performed in smaller volumes but with the same enzyme and buffer concentrations. All clean-ups were performed using AMPure XP magnetic beads (Agencourt AMPure, Beckman Coulter). After adapter ligation and 17 PCR cycles, clean-ups with magnetic beads were performed twice using a 1.2 volume of beads. For Strand-seq, DNA was treated with Hoechst and UV radiation after adapter ligation. 7 All pipetting steps were performed using the Bravo Automated Liquid Handling Platform (Agilent).
Quantitative real-time PCR
Total RNA was isolated using Rneasy Kit (QIAGEN). One microgram of DNase treated RNA was reversed transcribed using a First Strand Synthesis kit (Invitrogen). Quantitative PCR analysis was performed in duplicate using 1/100 of the reverse transcription reaction in an ABI Prism 7300 (Applied Biosystems) with Platinum SYBR green qPCR SuperMix-UDG with ROX (Invitrogen). Specific primers flanking an intron were designed to the different genes (see Table   S3 ). 
Quantitative real-time PCR primers
